The precise role of cell-mediated immune (CMI) responses in host resistance to dermatophytosis remains poorly understood. Lesion clearance has been shown to be preceded temporally by the onset of delayed-type hypersensivity (DTH) and in vitro blastogenesis of regional lymph node cells (LNC) to specific fungal antigens (5, 9) . Cruickshank et al. (3) induced a secondary immune response, similar to that observed in animals that had cleared a primary dermatophyte infection, by sensitizing guinea pigs with acetone-extracted mycelia in complete Freund adjuvant. They could also adoptively transfer DTH to trichophytin antigen with peritoneal exudate cells from sensitized animals. Both of the later experiments also demonstrate CMI to fungal antigens. Recently, Tagami and co-workers (17, 18) have shown that Trichophyton-infected guinea pigs and humans manifest contact sensitivity to a trichophytin patch test. Despite the association of these CMI responses to fungal antigens with infection, the extent to which hypersensitivity mechanisms alter the course of dermatophyte infection or disease is unknown.
In the present studies, we attempted to correlate the growth of Trichophyton mentagrophytes in the skin during primary challenge and reinfection with the development of systemic CMI, as detected by in vitro blastogenic responses of spleen cells (SPC) and LNC to dermatophyte antigens. Our results indicate that the dermatophyte infection caused a pronounced depression of in vitro blastogenesis of SPC and LNC to dermatophyte antigens and polyclonal mitogens.
MATERIALS AND ME'HODS Animals and infection. Strain 2 guinea pigs weighing at least 300 g were shaved on the back with electric clippers and infected with a 2-to 3-week-old mycelial plate culture of T. mentagrophytes var. granulosum (ATCC 18748) by rubbing both hyphae and spores onto the skin with a cotton swab into an area 2.5 cm in diameter. At (14) .
RESULTS
Time course of the dermatophyte-induced lesion development. After infection, animals were observed daily for macroscopic inflammation, tissue damage, and healing. Lesion development and evolution closely resembled previous reports of experimental dermatophytosis in guinea pigs (6, 8) .
Primary lesions were routinely reproducible. Application sites first became erythematous at 4 to 5 days after infection ( Table 1 ). The intensity ofthe erythema and the lesion size increased until day 9, at which time the inflamed skin was covered with a flaky scale. Within 24 to 48 h after scaling, the lesions ulcerated, often with serous weeping, indicating peak tissue damage. Within 24 h after ulceration, the lesions crusted over and began drying out. Erythema surrounding the lesions gradually subsided before day 21, and dried crusts sloughed off, leaving smooth scars. Healing continued, and dense hair had grown back over the scarred tissue by 5 Fungal enumeration. To estimate the growth of the fungi in the lesion sites during primary and secondary infection, skin samples were excised, homogenized, and plated to measure viable fungi.
Primary cutaneous T. mentagrophytes infections were initiated at low and high challenge levels, and groups of animals were sacrificed at specified intervals for skin cultures ( Table 2 ). At a lower challenge level (_ 102 CFU), the fungal load per square centimeter of skin increased during the 1st week after infection, whereas at the higher challenge level (-105 CFU) there was a reduction in the viable count beginning at 6 days after challenge. Fungal loads peaked at 105 to 106 CFU/cm2 between days 7 and 11 and declined during the next 2 weeks. Low levels of organisms were isolated from healed lesion scars as late as 4 weeks after infection (Table 2) . In repeated experiments, the level of the day 0 inoculum (102 to 105 CFU) did not appear to alter the course of the infection.
Animals were cutaneously reinfected approximately 3 weeks after healing of the primary lesion site. The rechallenge infectious dose was about 104 CFU. On day 7, the fungal load had decreased (from day 0) and was about 1 log lower than the fungal load observed on day 6 after a high (105) primary challenge ( Table 2) . Unlike the primary infections, CFU of T. mentagrophytes continued to decline during the 2nd week of reinfection. By day 14, colony counts from reinfected skin were 1 to 2 logs lower (P < 0.01) than those detected 14 days after a primary infection (Table 2) . At day 21 after reinfection, viable fungi still persisted in skin at levels commensurate with those measured on days 21 and 28 of the primary infections (Table  2 ).
In vitro blastogenic response during primary infection. To estimate in vitro the induction of acquired immunity, SPC and LNC were isolated and cultured with two specific T. mentagrophytes antigens on days 0, 7, 14, and 21 after a cutaneous infection. Polyclonal T-and B-cell mitogens were included as controls to monitor the ability of SPC and LNC to respond to nonspecific stimulation.
Day 0 stimulation means (mean logo counts per minute) are those of lymphocytes from guinea pigs that were shaved and infected shortly before sacrifice (Table 3) . Only minor changes (from the day 0 blastogenesis) were seen in the mitogenic responses of SPC and LNC after 1 week of infection (day 7, Table 3 ).
The most striking result in terms of the blastogenic response of SPC and LNC to polyclonal mitogens during the primary infection was a significant depression (P < 0.01) of blastogenesis on day 14 after infection or at the peak of fungal load and tissue damage. This depression was reflected in the response of both SPC and LNC and was at least a 1-log decrease in counts per minute for the four T-or B-cell mitogens tested ( Table 3) . As the lesions healed, all mitogenic responses increased toward day 0 values (Table  3) .
On days 0, 7, and 14, neither SPC nor LNC manifested a blastogenic response to dermatophyte antigens. The only positive blastogenic responses to dermatophyte antigens occurred 3 weeks after initiation of the primary infection, and only LNC cells responded to both SOL AG and PART AG. There was no significant in vitro proliferative response by SPC to trichophytin antigen on any day tested during a primary infection (Table 3) .
In vitro blastogenic response during sec- (Table 4) .
By the end of the 1st week, it was evident from gross lesion observation that there was a wide range of biological variability in the animals' response to reinfection. Some animals had mild erythematous responses (6 of 17), whereas others exhibited lesions characterized by ulceration and severe bleeding (11 of 17). To determine whether these different macroscopic lesions correlated with a difference in in vitro blastogenic response, a single animal from each group (i.e., erythema versus ulceration) was sacrificed on day 7 after reinfection (Table 4) . SPC blastogenic responses to both mitogens and antigens were similar in both animals; however, the LNC blastogenic responses to fungal antigens differed significantly. Lymph nodes from the animal with the severe ulcerated lesion responded positively to the fungal antigens, whereas LNC from the animal with a mild skin lesion showed no significant blastogenic response to the same antigen (Table 4) . Thus, cutaneous ulceration seemed to correlate with a heightened blastogenic response of LNC during reinfection. At this point, we suspected that the animals with mild lesions were undergoing a primary instead of secondary infection, but they never developed the ulcerated lesions that were typical of primary dermatophyte infections.
Animals sacrificed on day 14 after reinfection had severe skin lesions and also showed LNC blastogenic responses to fungal antigens that exceeded day 0 values by over 1 log; however, no dramatic increase was evident in SPC response to the same antigens (Table 4) .
Animals sacrificed on day 21 after reinfection were in the healing phase and exhibited dry scars in skin lesion areas. The SPC and LNC of the latter animals showed no significant DNA synthesis in the presence of fungal antigen (Table 4).
In an attempt to control the large degree of variability observed in the previous experiment, another group of 12 guinea pigs, which had recently recovered from a primary infection, was skin tested with soluble trichophytin antigen ( Table 5 , experiment 1). One week after skin testing, all animals were cutaneously reinfected with T. mentagrophytes and grouped for sacrifice on the basis of the magnitude of their delayed-type cutaneous hypersensitivity ( Table 6 ).
The very low DTH responders were sacrificed on day 0, and they manifested mitogenic responses that were within previously observed normal ranges (group 1, Table 7 ). As in the b Sacrifice groups correspond to animals in Table 7 .
previous reinfection study (Table 4) , only LNC responded to both fungal antigens. On reinfection day 7, the next higher group (2a, Table 7 ) of DTH responders was sacrificed. The gross lesions in this group of low DTH responders were mild on day 7. A marked depression in the ability of the latter animals' LNC to proliferate in the presence of polyclonal Tand B-cell mitogens was observed (group 2a, Table 7 ). Also, SPC from the latter group manifested a depressed mitogenic response to ConA and PHA.
The third group of guinea pigs, sacrificed 14 days after challenge and previously having demonstrated moderate lesions (group 3a, Table 7 ), had SPC blastogenic responses (to mitogens and fungal antigens) that were essentially similar to day 0 values. The mitogen-induced blastogenesis values of LNC from group 3a animals (Table 7) were also similar to day 0 values, but the LNC blastogenic responses to fungal antigens were decreased to insignificant levels in the presence of AS. The inhibition of blastogenesis by AS suggested that an inhibitory factor might be present in the serum of dermatophyte-infected guinea pigs.
The highest DTH responders (group 4a, On reinfection days 14 (group 3b, Table 7 ) and 21 (group 4b, Table 7 ), FCS did not increase the baseline incorporation of [3H]thymidine with unstimulated SPC or LNC. However, the LNC responsiveness to both soluble and particulate T. mentagrophytes antigen was "uncovered" (P < 0.01) by culturing in FCS instead of AS-supplemented medium (groups 3a and 4a). Certain mitogenic responses of LNC were increased in the presence of FCS (PWM and LPS), but others were depressed (day 14, ConA). When cultured in FCS-supplemented medium, SPC responses (on day 14) were generally less enhanced than LNC responses.
Evidence that DTH skin test does not correlate with in vitro depression of lymphocyte reactivity. Since the capacity of LNC to respond to in vitro stimulation with specific T. mentagrophytes antigens was reduced during the 1st week of reinfection (Table 7) , the following experiment was designed to determine if the DTH skin test response in vivo was similarly depressed at day 7 after reinfection.
Another group of guinea pigs was cutaneously infected with T. mentagrophytes and skin tested about 1 week after clearance of the primary lesions (Table 5 ; experiment 2). One week after skin testing, all animals were shaved and cutaneously reinfected. On day 7 of the secondary VOL. 26, 1979 on August 27, 2017 by guest http://iai.asm.org/ infection, the animals were skin tested again on the flank, posterior to the secondary lesion (Table 5; experiment 3). There was no significant change in the ability of these animals to respond with DTH to intradermal injection of soluble T. mentagrophytes while undergoing a secondary infection (Table 7) . DISCUSSION The self-limiting course of T. mentagrophytes infection in inexperienced guinea pigs has been reported previously (3, 6, 9) . We observed that primary lesions started with early inflammation (day 5 after infection) that developed into open bleeding ulcerations at the peak of infection (days 11 to 16). This rapid inflammation and lesion severity was most likely accounted for by our repeated in vivo passage of the organism and our use of mycelial inocula rather than spores. The genesis of symptomatology in experimental dermatophytosis has been suggested to be due to active mycelial invasion of the area above the stratum granulosum (7), and a mycelial inoculum would be expected to initiate disease more rapidly and result in higher fungal load before host sensitization by eliminating the time and conditions required for the germination of spores.
Although other investigators have quantitated the spore inoculum used to initiate infection (8), the subsequent, fungal growth during primary infection has been evaluated only by microscopic examination or by qualitative culturing of skin scrapings (4, 5, 8) . Our results indicate that it is possible to quantitatively follow fungal proliferation and elimination during lesion development by homogenizing and culturing infected skin. The main limitation of the homogenization technique is that the morphology of the cells forming each CFU is not known. Both hyphae and spores are visible in skin biopsies during the course of infection (F. Green and E. Balish, unpublished data), and arthrospore formation at the peak of infection might result in an increased number of CFU.
The time course of the developing primary lesions closely paralleled increasing cutaneous fungal growth (CFU). Lesion severity, in terms of gross tissue damage, occurred at the same time as the peak fungal load (day 14). Shortly thereafter, lesion erythema and ulceration decreased and healing began. Viable skin fungi (CFU) also declined between the 2nd and 3rd weeks of primary infection. Although fungi were still cultured from the skin 3 to 4 weeks after initiation of infection, lesions were healing and there was no noticeable erythema. These observations suggest either that the fungi are inactivated after serous ulceration, possibly by serum inhibitory factors (2) , and thus prevented from further producing inflammatory fungal products, or that the host's immunoregulatory system depresses the immune response to the persistent fungal antigens.
The correlation between lesion development and fungal enumeration during reinfection is less clear. Fungal colonies decreased steadily during the first 3 weeks of reinfection, whereas macroscopic lesions peaked in severity after 1 week. The host's response to the reinfection, characterized by rapid development of erythema, was not capable of precluding severe ulcerations similar to those observed during primary infection. Thus, reinfection of guinea pigs resulted in an accelerated lesion development apparently because the presensitization period, observed during primary infection, was not present. The fact that no clear-cut peak fungal load corresponded with peak tissue damage (days 5 to 7) during reinfection suggests that the severity of the secondary lesion may be the result of an anamnestic hypersensitivity reaction.
There has been only a single attempt reported to culture lesions during a secondary T. mentagrophytes infection of guinea pigs (4) , and the organisms were detected only by direct microscopic examination. Fungi were observed only out to day 8. Our results suggest that skin homogenization may be a more sensitive method of determining fungal persistence, since organisms and spores have been reported to persist in deep hair follicles (10) . It is interesting to note that although secondary lesions developed more rapidly and peaked about 1 week earlier than after primary inoculation, there were still culturable fungi, in skin, on days 14 (12) . In light of the depression of antigen-specific blastogenesis during reinfection ( During reinfection, the only classical secondary response to fungal antigen, as detected by blastogenesis of LNC in vitro, was on days 7 and 14 after a 6-month interval after the primary infection. The secondary lesions that developed on these animals were severely ulcerated. Rather than correlating with any enhanced immunity, these increased in vitro LNC proliferations were indicative of an exaggerated hypersensitivity response, even though fungal colonies were decreasing over the 3-week course of infection. In a second reinfection experiment, none of the animals had a blastogenic response to fungal antigen significantly greater than the residual sensitivity remaining from the more recent primary infection, suggesting the possibility that T.
mentagrophytes-induced immunoregulatory mechanisms may deteriorate over time. The apparent absence of a classical secondary response, as measured by DNA synthesis in regional lymph nodes, has been described previously during challenge with contact agents (1).
The decreased response of both SPC and LNC to polyclonal T-and B-cell mitogens during infection and reinfection indicates a pronounced nonspecific depression of reactivity. During the primary infection, this depression was most evident on day 14, which correlated well with the peak fungal load and lesion ulceration. During reinfection, it occurred 1 week earlier (day 7) , which also correlated timewise with peak inflammation but not peak fungal load.
Various hypotheses have been proposed to explain the activation and expression of immune suppression. Asherson Data presented on culturing both SPC and LNC with FCS provide strong evidence that both antigen-specific and nonspecific suppressor factors are present in the AS during reinfection.
It would be reasonable to assume that the differences observed in vitro between our LNC cultures and those of Kerbs et al. (9) during primary infection might be due to their reported use of normal guinea pig serum. The use of FCS resulted in increased responses to polyclonal mitogens and also uncovered significant DNA synthesis of LNC to both fungal antigens on days 14 and 21 of reinfection. Walters et al. (20) reported the presence of serum factors which specifically blocked lymphocyte reactivity in vitro in patients chronically infected with dermatophytosis. Our experiments support the hypothesis that a host-immune response is required to resolve these infections; an exaggerated or premature production of serum inhibitory factors might be able to interfere with this apparent acquired immunity.
Generally, suppression of CMI during fungal infections is detected by a lack of skin test reactivity or anergy associated with chronic or progressive infection (15) . Our data indicate that the depressed in vitro responses measured on day 7 of reinfection do not correlate with a similar depression of intradermal DTH. Thus, the intradermal skin test response alone did not fully reflect the host's capacity to respond to fungal antigens during active infection.
The results of the experiments presented in this paper support the hypothesis of Sulzberger (16) that dermatophytosis is primarily a hypersensitivity disease which results in local tissue damage. This hypersensitivity may also be integrally required for the inactivation of the fungi and resolution of the disease. The early erythema observed during primary infection (days 5 to 9), before detectable systemic sensitization of the host, raises the possibility of a primary irritant or toxic effect of the fungal antigens which later results in sensitization of the host. The rapid inflammation which developed upon cutaneous reinfection was compatible with biological contact sensitivity. It was difficult to assess, however, precisely when this contact-like sensitivity first influenced the primary lesion.
Our results also indicated that pronounced nonspecific and specific suppression of the lymphocyte transformation occurred during the course of primary and secondary infection with T. mentagrophytes and that this suppression was related to inhibitory serum factors. How this observed suppression in vitro relates to the resolution of the infection and regulation of host immunity in vivo requires further investigation.
